Introduction
Many gadolinium compounds, including solid solutions, intermetallic compounds, alloys and oxides have been studied by 155 Gd Mössbauer spectroscopy [1] . Among the 155 Gd Mössbauer parameters, especially the quadrupole coupling constant (e 2 qQ) gives a valuable information. However, such studies on the structural and bonding properties of Gd(III) coordination compounds have scarcely been done, and therefore we have started a systematic study of these.
Since the cyano group is able to behave as a bridging ligand, various assembled metal complexes have been synthesized. Among a number of cyano assembled metal complexes, the rare-earth hexacyanometalate(III) LnM (CN) 6 · nH 2 O (Ln = rare-earth ion, M = transition metal ion) and the rare-earth hexacyanometalate(II) KLnM(CN) 6 · nH 2 O have been studied because of their interesting structural and magnetic properties [2] [3] [4] [5] [6] [7] [8] . Hexagonal LnM(CN) 6 · 5H 2 O is formed with larger Ln ions such as La 3+ , Ce 3+ , and orthorhombic LnM(CN) 6 · 4H 2 O with smaller Ln ions such as Sm 3+ , Gd 3+ . Both complexes consist of infinite arrangements of octahedral transition metal M(III) ions and eight coordinated rare-earth Ln(III) ions. The cyano group behaves as a bridging ligand and coordinates to the Ln(III) ion by the nitrogen atom. The three dimensional polymeric structure of GdFe(CN) 6 Fig. 1 as an example. The coordination geometry of the Gd(III) ion is a square antiprism since two water molecules are coordinated to one Gd atom. KLnM(CN) 6 · 3H 2 O is a substitutional derivative of LnM(CN) 6 · 4H 2 O, in which the potassium ions replace statistically half of the zeolitic water molecules [7] [8] . 57 Fe and 151 Eu Mössbauer spectroscopic studies of these rare-earth cyano assembled metal complexes have been reported by several groups [9] [10] [11] [12] [13] . The 57 Fe Mössbauer parameters, especially quadrupole splitting (Q. S.), give useful information on the distortion of the octahedral iron sites [9] . Katada et al. reported that the 57 Fe Mössbauer Q. S. values are associated with the orthorhombic distortion in their crystal structures for the LnFe(CN) 6 · 4H 2 O (Ln = Sm-Lu) series [13] .
We report here a 155 Gd Mössbauer spectroscopic study of five Gd(III) cyano polymeric complexes: GdFe(CN) 6 
Experimental

Preparation of the Materials
All of the complexes were prepared by a procedure similar to that of Prandtl and Mohr [14] . A typical procedure is described for I-1: In 50 ml of distilled water, 1.86 g (5 mmol) of GdCl 3 · 6H 2 O and 1.46 g (5 mmol) of K 3 Fe(CN) 6 were dissolved. The solution was filtered and stored in a dark place at room temperature. Dark red powder crystals were formed after only several minutes. For I-2, I-3, II-1 and II-2 the solutions were prepared in the same manner using K 3 Co(CN) 6 , K 3 Cr(CN) 6 
The five complexes were identified by powder X-ray diffraction (XRD), Infrared spectroscopy (IR) and chemical analysis. The obtained lattice parameters are identical with the reported data [5] [6] [7] . Gd Mössbauer spectra were computer-fitted to quadrupole-split five-lines (I g -I e = 3/2-5/2, h = 0) using the sum of the Lorentz approximations [16] . The quadrupole moments used for the ground and excited state of the 155 Gd Mössbauer transition were Q g = 1.50 b and Q e = 0.18 b, respectively [17] . qQ values decrease in the order II-2 > II-1 > I-3 > I-2 ≈ I-1, as shown in Figure 3 . This indicates that the electric field gradient (EFG) at the Gd atom decreases in this order. In general, the EFG is produced by charges at greater distance (the lattice EFG) and by valence electrons (the valence EFG). In the case of 155 Gd Mössbauer quadrupole interactions, the lattice EFG would be dominant in most situations since the Gd 3+ (4f 7 ) ion has the higher symmetric valence electron distribution. Thus the e 2 qQ value is sensitive to the change of the symmetry and the local structure around the Gd 3+ ion [1] .
Preparation of the
The e 2 qQ value of II is clearly larger than that of I. This indicates that the EFG at the Gd site in II is larger than that in I due to the potassium ions of II locating at the position of the zeolitic water molecules of I. The distance Gd -K + is estimated as 4.74 Å, which is the distance between the Gd 3+ ion and the oxygen atom of zeolitic water in GdFe(CN) 6 In the LnM(CN) 6 · nH 2 O and KLnM(CN) 6 · nH 2 O series, the orthorhombic distortion 3 1/2 a/b -1 in their crystal structures is often used as parameter to discuss the structural properties of them [3, [5] [6] [7] . The a and b are the cell parameters of the orthorhombic Cmcm crystal structure. The hexagonal P6 3 /m cell can be converted to the orthorhombic Cmcm cell, and the orthorhombic distortion, 3 1/2 a/b -1 is zero. Figure 3 shows 6 · 4H 2 O series increase with increase of the orthorhombic distortion in their crystal structures [13] . Considering the results of 155 Gd Möss-bauer spectroscopy is a powerful tool for investigating the structural chemistry of the Gd(III) coordination compounds. Figure 4 shows a plot of e 2 qQ versus the ionic radii of M III and M II of six-coordinated low spin states. Evidently e 2 qQ increases with increase in the ionic radii of the transition metal ion. The symmetry around the Gd 3+ ion becomes lower due to the increase in the ionic radii of the transition metal ion through the Gd -NC -M bond. The trend is the same on that of 57 Fe Mössbauer Q. S. value versus the ionic radii of Ln for the LnFe(CN) 6 · nH 2 O (n = 5 for La and Ce, n = 5 or 4 for Pr and Nd, n = 4 for Sm~Lu.) series: the 57 Fe Mössbauer Q. S. increases with increase in the ionic radii of the Ln [13] .
The orthorhombic distortion in their crystal structures links to the ionic radii of the transition metal ion. The orthorhombic distortion in their crystal structures increases with increase in the ionic radii of the transition metal ion.
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